W
heat production in the prairies of Canada has spanned almost 120 yr. The crop has served producers and end users well, as advancements in cultivar development have produced high-performing, well-adapted, premium quality cultivars. The bread wheat class, or Canada western red spring (CWRS), remains an important export commodity, but other classes of wheat such as Canada prairie spring (CPS) have been developed to serve markets with lower or alternative quality specifications. Some milling markets such as cookie and pastry flour specify low protein and higher starch, which resulted in the creation of the Canada western soft white spring (CWSWS) wheat class. The contrasting quality profiles mean that producers must first decide on a market class and then select cultivars within that class for cultivation. The lack of marketing choice, however, can jeopardize net returns if the wheat produced does not meet quality specifications and is downgraded to feed wheat status. The problem is compounded if the demand for a specific class diminishes due to competition or changes to customer dietary preferences. The latter occurred with the CWSWS class in southern Alberta: the market that once supported >200,000 ha has been reduced to 10,000 ha.
As the bioeconomy evolves, opportunities for dual grain markets are emerging. One example is the dramatic expansion of ethanol production in western Canada and the rising demand for a feedstock with high grain yield, low grain protein concentration, and high starch. There are currently seven ethanol plants operating in western Canada with a collective annual output capacity of 509,000,000 L (Collier et al., 2013) . Today, a producer of CWSWS and CPS wheat, which are preferred wheat ethanol feedstocks, can now choose to either sell their wheat into a milling market or contract their production to an ethanol plant. This has shifted almost all production of CWSWS away from southern Alberta to nontraditional CWSWS areas in the prairies that are in close proximity to ethanol plants.
Globally, ethanol feedstock production from small grains primarily relies on corn (Zea mays L.) and wheat, but the consideration for a low-cost feedstock by ethanol plants has prompted the evaluation of a range of crops for ethanol fermentation suitability. In Canada, and particularly across the prairie landscape, small grains are best adapted to meet this demand. Corn production within Canada could not support the ethanol industry because corn grain production west of Manitoba is <50,000 ha. The expansion of corn grain production is currently constricted in the prairies because most areas are limited by accumulated requisite heat units and adequate soil moisture.
Within small grain cereals, alternatives to wheat are being investigated. Triticale is a cereal crop with low grain protein concentration and high grain yield and biomass potential, which are desirable traits in biorefinery processes that currently utilize wheat (Beres et al., 2010; Goyal et al., 2011) . Moreover, triticale is reported to have higher yield potential than some wheat classes, is generally more competitive with weeds (Beres et al., 2010; Oettler, 2005) , and displays better tolerance to drought and pests than its ancestral species (Darvey et al., 2000; Erekul and Köhn, 2006) . Preliminary studies conducted in the Western Prairies of Canada have indicated that triticale does have potential as an ethanol feedstock (McLeod et al., 2010) .
Triticale is unique because it is a "human-made" amphidiploid, created in the late 19th century by crossing common wheat with rye (Secale cereale L.). A comprehensive review of triticale development was provided by Oettler (2005) . A crop that does not occur naturally in the ecosystem may be more attractive as a cereal platform technology and better received by society when gene transformation is used to enhance a plant trait that is exploited in a bioindustrial process. A cross-sectorial, multidisciplinary team formed the Canadian Triticale Biorefinery Initiative (CTBI) to position triticale as a cereal platform technology for bioindustrial end uses. Reports to date have not assessed triticale grain yield and ethanol production across an array of environments nor have they assessed the crop using modern fermentation technologies. Therefore, the objective of this study for the CTBI was to benchmark the relative performance of triticale to the wheat classes currently utilized for ethanol production.
MATeRiAlS And MeThodS experimental design and Management
Sixteen cultivars: three triticale, four CPS, three CWSWS, two CWRS, and four Canada western general purpose (CWGP) candidate cultivars, were grown at 36 locations across western Canada from 2006 to 2009 (Tables 1 and 2 ; Fig. 1 ). Cultivars were chosen that best represented the corresponding market class. The proxy for these choices was to select cultivars that were mid-to long-term checks used in either cultivar trials or cooperative registration trials or both. For example, Superb is a check for the CWRS class for most regional cultivar trials as well as cooperative registration trials and was also the dominant cultivar in western Canada during the period of this study. Some cultivars were also chosen if they represented a contrasting yield or quality profile. For example, Hoffman was chosen because it is a high-yielding cultivar with agronomic and disease attributes, particularly in the context of cultivar suitability to general purpose end uses such as feed or ethanol. The experimental design chosen for this study was a randomized complete block with three replications.
Agroecological Zone Characterization
The locations were grouped into three agroecological zones of the Canadian prairie: Western (W.) Prairies, Eastern (E.) Prairies, and the Parkland (Table 1 ; Fig. 1 ). Data generated from each site (location ´ year combinations) varied from a single year to 4 yr, which generated up to 77 site-years of data.
The W. Prairie region has soil types that are generally Orthic Dark Brown Chernozem clay loam soils (Typic Borolls), with approximately 30 g kg -1 organic matter content, or Brown Chernozem loam soils (Aridic Borolls), with approximately 20 g kg -1 organic matter. The W. Prairies extend from the southwestern site of Lethbridge, AB (49°41¢ N, 112°50¢ W), north to Scott, SK (52°21¢ N), and east to Regina, SK (105°35¢ W) ( Table 1 ). The W. Prairies region is considered semiarid, has soils with lower organic matter, and has lower overall disease pressure than humid regions. Growing season precipitation ranged from 152 (Swift Current, SK) to 380 mm (Lethbridge, AB).
The E. Prairie region predominantly has Orthic Black Chernozem clay loam (Udic Boroll) soils, with 60 to 80 g kg -1 organic matter. The E. Prairies region accumulates the highest growing degree days of all regions and growing season precipitation intermediate to the W. Prairies and Parkland regions, and soils have high organic matter contents. Growing season precipitation ranged from 210 mm (Watrous, SK) to 462 mm (Minto, MB). The region has high yield potential but also has generally high disease pressure. The region is the least variable and occupies the smallest area, extending from the northwest site of Watrous, SK (50°32¢ N, 103°39¢ W), south to Melita, MB (49°16¢ N), and east to Rosebank, MB (98°6¢ W) ( Table 1) .
The Parkland region typically has Grey Wooded Luvisol soils in the northern regions (Boralfs and Udalfs) and Orthic Black Chernozem clay loam soils in southern and transitional regions of this zone. This region represented the largest physical area, with sites as far south as 49°16¢ N (Neepawa, MB), up to the north and west boundary of Fort St. John, BC (56°17¢ N, 120°50¢ W), and east to Arborg, MB (97°13¢ W) ( Table 1) . The Parkland has the shortest growing season and is the most humid, but rainfall accumulation can be variable. For example, severe drought occurred in this region in 2009, with growing season rainfall as low as 107 mm reported in Falher, AB, but as high as 562 mm in Fort St. John, BC, in 2007.
experimental Measurements Yield and Grain Quality
The plots were sown at a rate of 300 seeds m -2 using a plot seeder equipped with a cone splitter and zero-tillage double disk openers. Crop maturity was recorded at physiological maturity or when kernel moisture from the lower third of the spike was <400 g kg -1 and kernels could no longer be easily severed when pinched between the thumbnail and fingernail. If a differential in straw strength (lodging) was observed, plots were visually scored using a scale of 1 to 9 (1 = fully erect, 9 = flat on the ground). Each plot was harvested using a Wintersteiger Nurserymaster Elite plot combine (Wintersteiger AG) or comparable plot harvester equipped with a straightcut header, pickup reel, and crop lifters. Aboveground whole-plant biomass was calculated by retaining all straw from the plot following grain harvest by attaching a tarpaulin blanket below and to the rear of the threshing case of the plot combine. Samples were weighed, suspended to dry at room temperature, and reweighed to determine the moisture content. Sample weights were corrected to zero moisture and are presented on a dry-weight basis (Mg ha -1 ). Grain yield, adjusted to 135 g kg -1 moisture content, was calculated from the entire plot area, and a 1000-seed subsample was retained to characterize seed weight.
Ten of the cultivars were selected to determine the differential response to three important field crop diseases. Disease nurseries near Charlottetown, PEI, and Ottawa, ON, were used to assess the cultivar response to fusarium head blight (caused by Fusarium graminearum Schwabe [teleomorph Gibberella zeae (Schwein.) Petch]). Each plot was spray-inoculated with a suspension of equal parts of four isolates of F. graminearum macroconidia three times, 6 to 7 d apart, starting when the first plots were at anthesis. The plots were rated with a visual rating index (incidence [0-10] ´ severity on infected heads [0] [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , where 0 was disease free), taken approximately 3 wk after first inoculation or when symptoms were well developed (Cuthbert et al., 2007; Gilbert and Woods, 2006) . Plots were harvested to collect grain samples for determination of fusarium-damaged kernels (FDK) on a weight-to-weight basis at Charlottetown and to measure grain levels of the mycotoxin deoxynivalenol (DON) at Charlottetown and Ottawa. The cultivar reactions to powdery mildew [Blumeria graminis (DC.) E.O. Speer] and Septoria nodorum blotch, caused by the fungus Septoria nodorum (teleomorph: Leptosphaeria nodorum) pathogens, were recorded from the agronomic field site near Charlottetown if cultivars expressed differential symptoms. Selected cultivars were also assessed for a differential response to ergot (caused by Claviceps purpurea). The only site to have a differential was Killam, AB, in 2008. Grain samples were visually scored on a scale of 1 to 5 (1 = no ergot, 5 = severe ergot contamination) based on the level of ergot contamination in the grain sample.
Statistical Analysis
Data were analyzed with the PROC GLIMMIX procedure of SAS (Littell et al., 2006; SAS Institute, 2005) . The analysis of variance considered the effects of replicate and site (location ´ year combinations) as random and the cultivar effect as fixed. A Gaussian error distribution was used for the analysis. The SAS pdmix800 macro, developed by Saxton (1998) , was used to summarize pairwise comparisons. The macro takes into account pairwise probabilities and converts them into letter groupings. A Bonferroni adjustment was used in conjunction with the macro to provide some protection against Type I errors. Variability for the cultivar effect among sites was assessed with a statistical test to determine if the variance estimates were significantly (P < 0.05) different from zero. Also, the relative size of the site ´ cultivar variance estimate was assessed by comparing it with the total variance associated with the site (main effect of site plus site ´ cultivar interaction).
The genotype ´ environment interactions also were assessed with a grouping methodology biplot, as described by Francis and Kannenberg (1978) . The mean and CV were estimated for each cultivar across sites and replicates to explore average responses relative to variability for cultivars. Means were plotted against CV for each cultivar. The overall mean and CV were used in the plot to categorize the biplot data into four quadrants or categories: Group I-high mean, low variability (optimal); Group II-high mean, high variability; Group III-low mean, high variability (poor); and Group IV-low mean, low variability.
Multivariate analysis using a generalized form of principal components analysis, called multidimensional preference analysis, was performed to further explore the relationships among mean responses for the different crop traits (multivariate analysis of means). The analysis was conducted on a data matrix that included cultivar means as rows, while the columns were means for selected response variables. The analysis was conducted with the PRIN-QUAL procedure of SAS (SAS Institute, 2004) using an identity transformation. The results were summarized in a biplot, where the mean principal component scores for the cultivars were plotted as points in the ordination space. Eigenvectors (the correlation between the transformed and original data) for the crop responses were plotted as points at the end of vectors projecting from the origin into various positions in the ordination space. The coincidence of response variable vectors and entry points across the ordination space suggested crop response variable associations with the cultivars. The relative lengths of the vectors indicated the strength of these associations.
ReSUlTS
entry and Class differences Analysis of variance indicated that the overall cultivar effect for agronomic variables was almost always highly significant (P < 0.01). The statistical test for the interaction effect of cultivar with agroecological zone was usually important (P < 0.05), with a few exceptions. The cultivar effect for stem lodging and aboveground biomass did not vary among agroecological zones. Means and mean comparison results are summarized across and by agroecological zones for all cereal responses (Tables 3-10) .
For stem and straw characteristics, the triticales and Hoffman differed from most cultivars and classes (Tables 3-5) . Overall, and in most agroecological zones, these cultivars were taller (at >100 cm) than the CPS red class and candidate cultivars Chablis, Chiraz, and Ashby by approximately 20% (Table 3) . The tall attribute, however, also caused greater overall lodging for Hoffman and Pronghorn and other cultivars (Table 4) . Straw accumulation (biomass) exceeded 6 Mg ha -1 in the humid E. Prairies and Parkland agroecological zones (Table 5 ). Similar to plant height, overall straw accumulation was greatest for the triticales and Hoffman, although the difference was not apparent in all agroecocological zones. The CPS red cultivars 5700PR and AC Crystal produced less biomass on average or were among the cultivars with the least straw accumulation for the W. Prairies and Parkland agroecological zones.
The triticale class always had grain yields that were among the greatest for all cultivars in all three agroecological zones (Table 6 ). Triticale yield was often greater than the hard red spring wheat classes but was always similar to the CWSWS class and Hoffman (Table 6 ). The triticale and white wheats produced 12 and 13% more grain, respectively, than the mean of the hard red spring wheats. Specifically, the overall yield of AC Ultima and Pronghorn exceeded that of the CWRS cultivars AC Barrie and AC Superb by an average of 32% and the CPS red cultivars 5700PR and AC Crystal by 18%. The other general purpose candidate cultivars, the CPS white wheat cultivars, and the triticale cultivar Tyndal displayed grain yield potential similar or intermediate to the highest yielding group. As a component of grain yield, the seed mass observed for the triticales and Hoffman was always among the group of cultivars with the heaviest seeds, and Chiraz was always among the group of cultivars with the least heavy seeds (Table 7) . Bhishaj had similar kernel weight to Chiraz (within each agroecological zone) but had greater grain yield. This meant that other components of Bhishaj's grain yield compensated for its smaller seed size relative to the higher yield group of cultivars. The superior grain yield observed for Pronghorn was partially a function of increased growing degree day requirements because it generally displayed the longest days to physiological maturity (Table 8) . Tyndal, Hoffman, and the CWGP candidate lines Ashby and Chablis had similarly long maturity ratings when averaged across agroecological zones. The CWRS cultivar AC Barrie matured 5 to 6 d earlier than Pronghorn. AC Ultima required fewer days to maturity than Pronghorn and was similar to most of the CPS and CWSWS cultivars (Table 8) .
For disease assessments, the cultivar effect was significant or highly significant for all diseases except FHB and the field severity index (FSI) in Charlottetown and DON assessments in Ottawa in 2007 (Tables 9-11) . At both locations, Pronghorn, along with various other cultivars, generally displayed lower symptoms of FHB in the field (FSI rating) and lesser levels of FDK and DON in grain samples (Tables 9 and 10 ). The exception to this occurred at Charlottetown in 2009, where levels of DON for Pronghorn were similar to cultivars with greater DON levels. Hoffman and Tyndal also displayed lower symptoms, but differences compared with Pronghorn were less consistent. AC Ultima, unlike other triticales, was consistently prone to greater FHB infection in the field and in grain (Table 9) . Pronghorn, Tyndal, and Hoffman also displayed lower levels of septoria and powdery mildew infection (Table 11) . Pronghorn septoria and powdery mildew infections were consistently least along with a group of various cultivars, but Tyndal and Hoffman appeared more susceptible to both diseases in 2009. AC Ultima had septoria susceptibility similar to the red and white wheat cultivars (Table 11) ; however, AC Ultima, other triticales, and various other cultivars, also displayed less powdery mildew infection. There were no other notable responses observed, as the other cultivars displayed similar responses to FHB, septoria, and powdery mildew for most years at Ottawa and Charlottetown (Tables 10 and 11 ). Elevated symptoms for ergot occurred for all the triticales, with Pronghorn and Tyndal having greater ergot contamination than the hard red spring cultivars AC Barrie and 5700PR (data not shown). There were no class differences for ergot noted, as the lowest contamination was observed for Hoffman, Bhishaj, AC Vista, and AC Crystal, which represent three classes of wheat.
Performance Stability and Variance
The random effect of site captured the variability among sites (location ´ year combinations) not explained by agroecological zones. The site ´ cultivar variance estimate was always highly significant (P < 0.01) (Table 12 ). For those cultivar responses where the site ´ cultivar variance estimate was significantly different from 023 † TRIT, spring triticale; CWSWS, Canada western soft white spring wheat; CWRS, Canada western red spring wheat; CWGP, Canada western general purpose candidate; CPS-W, Canada prairie spring white wheat; CPS-R, Canada prairie spring red wheat. ‡ Entry means followed by the same letter in a column are not significantly different (P < 0.05; Bonferroni adjustment). ‡ Means followed by the same letter in a column are not significantly different (P < 0.05; Bonferroni adjustment). § LSD(0.05) can only be used to compare cultivar means. ¶ Red includes CPS-R, CWRS, and CWGP (Hoffman); white includes CPS-W and CWSWS. .001 † TRIT, spring triticale; CWSWS, Canada western soft white spring wheat; CWRS, Canada western red spring wheat; CWGP, Canada western general purpose candidate; CPS-W, Canada prairie spring white wheat; CPS-R, Canada prairie spring red wheat.
‡ Data from the bulked composite of three replications; therefore, only means are reported for 2009. § Means followed by the same letter in a column are not significantly different (P < 0.05; Bonferroni adjustment). ¶ LSD(0.05) can only be used to compare cultivar means. # Red includes CPS-R, CWRS, and CWGP (Hoffman); white includes CPS-W and CWSWS. .001 † TRIT, spring triticale; CWSWS, Canada western soft white spring wheat; CWRS, Canada western red spring wheat; CWGP, Canada western general purpose candidate; CPS-W, Canada prairie spring white wheat; CPS-R, Canada prairie spring red wheat. ‡ Means followed by the same letter in a column are not significantly different (P < 0.05; Bonferroni adjustment). § LSD(0.05) can only be used to compare cultivar means. ¶ Red includes CPS-R, CWRS, and CWGP (Hoffman); white includes CPS-W and CWSWS. zero, the percentage of the total site variance accounted for by this interaction rarely exceeded 10%. The site ´ cultivar variance for lodging accounted for about 30% of the total variance associated with site. Mean vs. CV biplots were used to explore and understand cultivar response variability relative to the mean responses (Fig. 2) . The CPS white class tended to consistently mature in less time than the other classes, largely because of early and less variable days to maturity for the cultivar Snowhite475. The CPS red, CPS white, and CWRS classes were always positioned in lesser yielding (grain yield) categories relative to the triticales, the CWSWS cultivars, and Hoffman (Fig. 2) . The red classes of wheat, especially CPS red, were more variable than the other classes (CWSWS, CPS white, triticale, and Hoffman), which were often positioned in the least variable quadrats. Biplots for aboveground biomass indicated two distinct groups, CPS white cultivars and other cultivars and classes (Fig. 2) . The CPS white yield was always the least variable group, but moving from W. Prairies to Parkland there was a tendency for CPS white yield to decrease. Also, CPS red was in the lesser aboveground biomass yield quadrant, whereas Hoffman and the triticales were in the greater biomass producing quadrat. Pronghorn and the triticales, in general, produced high and stable levels of grain yield overall and in the E. Prairies and Parkland. There was greater variability observed in the W. Prairies, where the CWSWS cultivars and Hoffman produced consistently high grain yield (Fig. 2) .
A multivariate representation of the means was used to further explore associations among the cultivars and select response variables (Fig. 3) . Multivariate representations for the W. Prairies and especially the Parkland ecological zone most closely corresponded with the representation across agroecological zones (Fig. 3) . The representation for the E. Prairies indicated that the responses were more polarized than across agroecological zones. All variables deflected away from the origin in the same direction, which indicates that all variables in the biplot were growth related. There was also close association among all the agronomic variables and the cultivars Hoffman and the triticales. In all three agroecological zones and overall, these cultivars displayed greater growth and yield potential (height, kernel weight, aboveground biomass, and yield), but were slower to mature relative to the other cultivars. Additionally, AC Vista, Hoffman, AC Barrie, and Bhishaj in the E. Prairies often tended to lodge more than the other cultivars. The red class and corresponding cultivars tended to be the least productive (Fig. 3) .
diSCUSSion
The agronomic performance (responses for most variables) of triticale in this study can generally be summarized as triticale = CWSWS = Hoffman > CPS white > CPS red > CWRS. These findings correspond to other studies conducted in the Parkland and the southern region of Alberta, Canada (Beres et al., 2010; Goyal et al., 2011) . For example, Beres et al. (2010) reported that Pronghorn yield exceeded the yield for the CPS red cultivar AC Crystal by 58% and CWRS cultivar AC Barrie by 40%. The magnitude of difference was even greater in the study of Goyal et al. (2011) , who also reported that AC Ultima produced 65 and 44% more grain than the two respective wheat cultivars. The differences observed in the Parkland region reinforce the conclusions drawn from our study that Pronghorn, and the triticale class in general, produced maximum and stable grain yield in this region; however, greater instability for the triticales in the brown and dark brown soils of the W. Prairie region indicates poorer adaptation to lower organic matter soils and semiarid conditions. The margin of the yield advantage for triticales relative to CWRS and CPS red was not lower in our study, but it has been lower in other studies reporting results from brown and dark brown semiarid regions (Beres et al., 2010) . The issue of instability may also relate to maturity; the onset of aridity in July in this region can be synchronous with the flowering period of triticales, as opposed to earlier maturing wheat classes that flower before the onset of aridity (Oettler, 2005) .
The higher relative kernel weights for triticale observed in this study also agree with other contemporary studies (Beres et al., 2010; Goyal et al., 2011) where the importance for higher kernels per spike and kernel weight were identified as important yield components relative to spikes per plant or spikes per unit area (Beres et al., 2010) . The lesser importance of the latter yield components may be attributed to lower relative tillering capacity. Reduced kernel weights and shriveled seed in triticale were identified as the cause for similar or even lower grain yield than wheat in earlier studies (Morey, 1979) , which also caused higher levels of protein in triticales. Greater levels of protein may not be desirable in an ethanol feedstock because high starch content is preferred over protein concentration. The fact that kernel weights have been significantly improved in modern triticale germplasm is an indication that starch concentration in triticale may be comparable to wheat ethanol feedstocks (Collier et al., 2013) .
Although there were some differences noted in the W. Prairie region, there was general consistency for most variables across agroecological zones. Moreover, the relatively small variance estimates for the site ´ cultivar effect indicated that the responses, for the most part, were consistent. A study assessing genotype ´ region interactions for two-row barley (Hordeum vulgare L.) in Canada also reported that there was no notable adaptation to subregions and that the responses across all of W. Canada were similar. In that study, regional adaptation did not appear until the area expanded to include eastern Canada in addition to western Canada (Atlin et al., 2000) . Therefore, the agronomic potential of triticale that we observed probably would be observed in most of western Canada. The one exception would be straw strength or lodging. Lodging is generally sensitive to environmental variation, particularly to high precipitation or irrigated environments. Although tall in stature, the triticales did display good resistance to lodging in all agroecological zones. This is a critically important attribute because lodging could prolong maturity and slow harvesting operations, which would be a major production constraint in the short growing season of western Canada. Lodging could be an issue with the spring wheat cultivar Hoffman because it had weaker straw strength, which would detract from its high yield and biomass potential. Hoffman was not recommended for registration in western Canada in 2010 based on susceptibility to stem rust. Lodging and disease problems affecting Hoffman may ultimately mean that it will not be utilized as an ethanol feedstock in western Canada.
implications for ethanol Production Similar to grains used as feed, the emphasis for ethanol production will be on low raw material costs with a high volume of supply. From an agronomic perspective, this requires a feedstock with stable and high yield potential with minimal crop input requirements. A yield benchmark of 7.4 Mg ha -1 has been established in the UK for wheat ethanol feedstocks (Smith et al., 2006) . This level was not observed in our study, but comparable yield has been observed for spring and winter triticale in other reports (Beres et al., 2012a (Beres et al., , 2010 . The mean vs. CV biplots can be used as a proxy for risk assessment of ethanol feedstock production. The CPS red and CWRS cultivars were more variable and lower yielding, making them a less desirable feedstock from an agronomic perspective. In addition to the triticale cultivars AC Ultima and Pronghorn, Hoffman and CWSWS often were greater yielding with less variability. The maturity of triticales could pose a production risk in some areas because Tyndal and Pronghorn displayed consistently longer days to maturity; however, AC Ultima does not appear to pose any additional risk with regard to maturity over the CWSWS class, which is currently grown as an ethanol feedstock in all three agroecological zones.
The feature of high but variable biomass produced for triticales and Hoffman could be a benefit even in grain production. Multiple studies suggest that when differences due to cultivar height are evident, short cultivars tend to be less competitive than tall cultivars (Beres et al., 2010; Blackshaw, 1994; Harker et al., 2009; Lemerle et al., 2001; Mason et al., 2008) . Mason et al. (2008) reported that the height of spring wheat cultivars accounted for a small amount of variation in low-weed environments but increased in importance as weed pressure increased. Bertholdsson (2005) reported that earlier crop biomass accumulation and potential allelopathic activity significantly contributed to the competitiveness of barley and wheat cultivars. Therefore, the increased competitive ability of tall triticales with lodging resistance may reduce the need for full herbicide applications, thereby reducing input costs and increasing net returns in an ethanol feedstock production system. Pesticide applications may be further reduced because disease resistance was often greater for triticales than wheats. Producers, however, prefer a short-stature plant type for ease of harvest (faster ground speeds with the harvester) and residue management. If yield is comparable to the CWSWS class, triticale production may not increase until the ecological benefit of increased competitiveness and reduced herbicides is fully appreciated. The advantages of triticale, therefore, may only be fully realized when a complete agronomic package is developed that includes improvements to the rate of genetic gain such that yield potential and ethanol production exceeds that of wheat. Newer cultivar releases of triticale in Canada carry improvements to ergot susceptibility and overall grain yield potential (Beres et al., 2012b; McLeod et al., 2012) . Improved straw management practices for triticale are starting to occur that will augment the advantages from triticale. For example, producers in the westcentral Great Plains are shifting to stripper-header harvesters that remove only the spikes of the plants at harvest in an effort to minimize soil erosion and evapotranspiration rates (Vigil et al., 2012) .
In conclusion, triticale and CWSWS appear to have similar agronomic potential as an ethanol feedstock in major agroecological zones in western Canada. Furthermore, these conclusions may extend to other semiarid environments in the northern Great Plains. There is greater perceived risk, however, in growing triticale due to diseases such as ergot, a lack of information regarding the fermentation efficacy of triticale, and the fact that crop insurance programs in Canada will not ensure triticale at a rate similar to CWSWS (Keith Rueve, personal communication, 2011) . Parity with respect to crop insurance programs and additional ethanol production data for triticale is needed to cause a paradigm shift of the ethanol feedstock area sown to CWSWS over to triticale. A companion study addresses issues concerning ethanol production from a triticale feedstock in regions across Canada.
